Health-The aim of this study was to assess the relationship between the ratification status of occupational safety and health (OSH)-related ILO conventions and reported occupational fatality rates of ILO member countries, while controlling for possible confounding factors. ILO member states were divided into 4 levels of income status, based on the gross national income per capita. Seventeen conventions designated as OSH-related were examined. Reported country occupational fatality rates were compared according to the ratification status of these 17 conventions and multiple regression analyses were conducted to assess the relationship between the fatality rates, ratification status, income level and length of ILO membership. Fatality rates were inversely and significantly related to income levels. In general, nonratifying countries had higher work-related fatality rates than ratifying countries. A statistical model for identifying predictors of fatal injury rates showed that a larger number of conventions ratified was significantly associated with lower fatality rates. The fact that nonratifying countries generally have higher fatality rates than ratifying ones supports the notion that all countries should promote ratification of ILO conventions aimed at improving OSH conditions.
Occupational fatalities are the most serious manifestation of failures of policies and measures in the realm of occupational safety and health (OSH). While such failures victimize workers, their employers and the society at large are also ultimately affected. The continued occurrence of occupational fatalities presents a great challenge to all parties concerned including scientific, practice and administrative groups as well as work-safety advocacy groups and programs. According to recent estimates, about 2 million people die through work-related accidents and diseases every year, and an estimated 160 million people in the world have workrelated diseases 1) . For every one fatal accident at work, there are 1,200 smaller accidents that cause three days or more absence from work, 5,000 injuries requiring firstaid and 70,000 near-accidents 2) . To reduce such accidents and other dangerous work practices, OSH must become a national priority for all countries. Playing an important advocacy role in this process is the International Labour Organization (ILO), a United Nations specialized agency governing workrelated matters. The ILO seeks the promotion of social justice and internationally recognized human and labour rights by formulating international labour standards in the form of conventions and recommendations. The ILO also provides technical assistance in many fields of work, including OSH 3, 4) . The ILO conventions related to OSH strongly enforce the principle of prevention. However, the binding powers of these conventions can only take effect once they are ratified by member nations 5) , and ratifications, to date, have been low. The opinion of the ILO on this situation is expressed in the following excerpt from an ILO Report: "... neither in absolute terms, nor over time, nor in relative terms, are the ratification levels of the relevant OSH Conventions impressive. On the contrary, their ratification levels appear to be low..."
6)
The impact of ILO conventions is frequently addressed by reference to the number of ratifications they have attracted. Although this is an incomplete measure of impact, it is a convenient, well-known and easily marketed measure, which is influential and relevant to take into account 6) . However, just as countries differ in their national priorities, member countries of the ILO have various reasons and guiding policies behind their positions on individual ILO conventions. One factor that contributes to this difference is economic status. An almost unanimous agreement was shown at the June 2005 International Labour Conference for the recommendation that any instrument adopted should be sufficiently flexible and bear consideration for national differences including differing levels of economic development 7) . This study was conducted to assess the relationship between ratification of OSH-related ILO conventions and reported occupational fatality rates, taking into account possible confounding factors including differences in the economic status of countries, and to discuss the associated implications.
Methods
For all member states of the ILO, the most updated status on ratification of OSH-related conventions was determined as of April 2004, according to the ILOLEX database of the ILO's International Standards website 8) . Member states were categorized into four levels of income status, based on the gross national income (GNI) per capita calculated by the World Bank: low (less than 735 USD per year), lower middle (736-2,935 USD per year), upper middle (2,936-9,075 USD per year), and high (more than 9,076 USD per year) 9) . Country occupational fatality rates were obtained from the ILO Yearbook of Labour Statistics of 2002, which was the most recent available 10) . When data could not be obtained from the recent yearbook, older versions from 1993 11) and 1983 12) were referenced. The occupational fatality rates referenced for analysis in this study are incidence rates of fatal occupational injuries reported by member states to the ILO and published in the yearbooks for general information. Occupational injuries are defined by the 2002 ILO Yearbook as any personal injury, disease or death resulting from an occupational accident 13) . Data were not available for 17 ILO member countries from these yearbooks, but estimates could be derived from a paper by Takala 14) . All rates obtained were per 100,000 workers and were the combined (total) rates of all industrial activities.
As per the 91st session of the International Labour Conference in 2003, seventeen ILO conventions have been termed OSH Instruments (Conventions) of the ILO, all of which were examined in this study (Appendix Table  A -shared with reference 15). To demonstrate the presumed association between economic status and national OSH conditions 7, 16) , the occupational fatality rates were plotted against an axis of income level (categorized into 4 groups). These data were also subjected to a trend test. Mean fatality rates were calculated for countries dichotomized by ratification status for each of the 17 OSH-related conventions grouped by the four income levels. Length of ILO membership was another factor found in a separate study 15) to have a similar effect as income level on ratification status, so it was also controlled for in the statistical analyses. Countries were divided into three categories of length of ILO membership: long (62-85 yr), medium (37-61 yr) and short (less than 36 yr), to obtain roughly equal numbers (or one-third) of member states in each of the three categories.
Multiple regression analyses were conducted to assess a country's ratification status of OSH-related ILO conventions as a predictor of occupational fatality rates, while controlling for income level and length of ILO membership. All statistical analyses were conducted by SAS v8.0 on a personal computer. p-values less than 0.05 were considered to be statistically significant.
Results
As of April 2004, there were 177 member states of the ILO. Ratification status of each member state for each convention was extracted from the ILO website. Reported occupational fatality rates could be obtained for 90 of those member states. Figure 1 shows the relationship between the income level and occupational fatality rates for the 90 member states, grouped into the four income levels. Overall, there is a significant linear trend with reduced fatality rates occurring for the higher income level groups (p=0.02). It should be noted that the availability of data for occupational fatality rates differed according to the income level, with a clear trend of fatality rate data to be less available from lower income level countries (30.6%, 19/62; 52.1%, 25/48; 60.0%, 18/30; 75.7%, 28/37 for low, lower middle, upper middle and high level member states, respectively). Figure 2 shows the bivariate relationship between convention ratification status and mean occupational fatality rates in each income level group. For each of the 17 conventions related to OSH, the mean occupational fatality rates were compared between the group of states that had ratified (henceforth referred to as ratifying states or countries) and the group of states that had not ratified (henceforth referred to as non-ratifying states or countries) the particular convention (Figs. 2a-d) . Each income level group is presented separately. The numerical data for the mean fatality rate corresponding to each of the coordinates in Figs. 2a-d are shown in Appendix Table  B . Gaps in the mean fatality rates were apparent between the two groups of states by ratification status. When the non-ratifying states had higher (lower) fatality rates than the ratifying states for a particular convention, the mean values were connected by a solid (dotted) line.
Overall, in 79.4% (54/68) of comparisons, nonratifying states had significantly higher fatality rates than ratifying states (χ 2 =12.88, p<0.001). In order from high to low income groups, non-ratifying states had higher fatality rates for 15/17 (88.2%), 10/17 (58.8%), 15/17 (88.2%) and 14/17 (82.4%) comparisons, respectively. Table 1 shows the results of multivariate analyses predicting occupational fatality rates as the dependent variable with the income level (four income levels from low to high), length of ILO membership (three categories of long, medium, short) and number of OSH conventions ratified as independent variables. Model 1 used the actual number of OSH conventions ratified, while Model 2 used categorized numbers of OSH conventions ratified, grouped into 0-2, 3-6 and 7-17 ratifications. For both models, income level, length of ILO membership and number of ratifications were negative predictors of occupational fatality rates. and occupational fatality rates. n is the number of countries with data available for occupational fatality rates in each of the income level brackets. The total number of countries with available fatality rates was 90. Number of countries for which fatality rates were not available for each of the income level brackets was 9, 12, 23 and 43 for high, upper middle, lower middle and low income categories, respectively, resulting in unavailability proportions of 24%, 40%, 48%, 69%, respectively. The trend line is y=20.1-3.3*(income level) with a p-value of 0.02. A solid vertical bar indicates that the fatality rate of non-ratifying countries is higher than that of ratifying countries. A dotted vertical bar indicates that the fatality rate of ratifying countries is higher than that of non-ratifying countries. count of ratifications (β 4 =-4.96) as negative predictors. In this model, all three independent variables, i.e., income level, length of ILO membership and grouped count of ratifications, were statistically significant negative predictors (p=0.019, 0.038, 0.011, respectively). Hence, the model with better predictability was Model 2, in which the grouped count of ratifications was a statistically significant negative predictor of occupational fatality rates.
Discussion
The present analysis was conducted to assess the relationship between the ratification status of OSH-related ILO conventions and reported occupational fatality rates. In general, for most of the conventions related to OSH, countries that had not ratified these conventions had higher mean occupational fatality rates than countries that had ratified them. We had considered that the economic status would be a strong confounder of the relationship in question based on the following excerpt from an ILO Report: "A heavier toll of occupational fatalities and injuries was still occurring in developing countries whilst industrialized countries have seen a clear reduction in the number of serious injuries as a result of structural changes in the nature of work and real improvements in making the workplace healthier and safer" 6) . Accordingly, the statistical relationship between income level and occupational fatality rates was first assessed (Fig. 1) , and a statistically significant linear negative relationship was identified as expected. The income level was subsequently controlled for in further analyses by stratification (Fig. 2) and multi-variate analyses (Table  1 ). In addition, a separate study 15) showed that the length of ILO membership period of a country was also linearly related to ratification status, so it was adjusted for in the multi-variate analyses of the present paper.
Reported fatality rates between non-ratifying countries and ratifying countries were compared for each of the 17 conventions across four income levels, with 79.4% (54/ 68) of the comparisons showing higher fatality rates for non-ratifying countries. This proportion is clearly higher than that which can be expected from a random distribution (50%). However, because availability and reliability of fatality data is greater for higher income countries, a higher level of certainty can be accorded to the reported information and status of OSH in higher income countries. Although we had assumed that countries with available data on fatality rates were representative of the countries that belong to the same income level bracket, fatality rates of lower income countries are expected to be underestimated because these countries tend to lack the necessary social infrastructure to deal with accident data, and also because there would be a disincentive to report high fatality rates 17) . Hence, the linear relationship between income level and fatality rates that could be drawn is likely to have been biased towards the null. Therefore the income level should have had a stronger confounding effect if valid statistical data for fatality rates were available.
Another potential confounder in assessing the relationship between ratification status and occupational fatality rates would be the industrial structure of the country. The importance of this factor has been emphasized by Takala, with the assertion that agricultural and informal sectors particularly have strong influences on occupational fatality rates in developing countries 11) . Although inclusion of data on industrial structure in the analysis could have improved the analysis, the lack of data on occupational fatality rates and industrial structure impaired any such attempt. Rather we chose to include length of ILO membership as another possible confounding factor based on findings from our separate paper 15) . Length of ILO membership did, in fact, turn out to be an independent factor predicting occupational fatality rate. This implies that longer membership via increased involvement with ILO policies and activities exerts a positive effect on the national stance towards OSH, but this issue warrants further examination. (1)=the number of OSH-related conventions ratified, counted individually.
(2)=the number of OSH-related conventions ratified, grouped into 0-2, 3-6, 7-17.
It could be argued that ratification of OSH-related conventions has no perceivable direct effect on occupational fatality rates. Our analyses have in fact shown that despite the overall trend, certain countries that have high numbers of ratifications also have relatively high fatality rates within the same income level bracket. This finding may be related to non-implementation of the ratified conventions, an attitude that obviously would not have any positive influence on the status quo 17) . It is likely that there is a web of factors that influence occupational fatality rates. The statistical relationship found in our study, in combination with our informed judgment and consideration of potential confounders and bias, suggests that the relationship is true. The mechanism is inexplicable, however, due to the various limitations of our study.
Although the cross-sectional nature of the study does not allow us to make a distinction of cause and effect, the findings show that reported occupational fatality rates tend to be higher in countries that have not ratified ILO conventions related to OSH compared to those that have, when stratified by income levels. This trend was most apparent in the high and lower-middle income category, where non-ratifying countries had higher fatality rates for 88.2% (15/17) of the conventions, and also in the low-income category, where non-ratifying countries had higher fatality rates for 82.7% (14/17) of the conventions. The trend was least apparent in the upper-middle income category, where non-ratifying countries had higher fatality rates for 58.8% (10/17) of the conventions. In addition, multi-variate analyses showed that the grouped number of ratifications was a statistically significant negative predictor of occupational fatality rates, and was a stronger predictor than the income level and length of ILO membership. The individually counted number of ratifications was a negative predictor, but with only borderline statistical significance. This suggests that more ratifications in aggregate terms (as opposed to individual or one-by-one counts) is related to lower occupational fatality rates. It is also possible that a similar relationship exists for the ratification status of ILO conventions other than those related to OSH, and this warrants further examination.
In addition to the tests presented in this report, it was possible to categorize the OSH-related conventions according to their orientation of prevention, that is, as disease-or accident-inclined. Based on subjective judgment, nine could be categorized as disease-inclined (convention numbers 13, 115, 136, 139, 148, 161, 162, 170 and 184), and the remaining eight accident-inclined. However, we did not find a distinctive trend in the mean fatality rates when considering this arbitrary categorization. Special attention was also directed to convention numbers 155 (Occupational Safety and Health) and 161 (Occupational Health Services), because the ILO designates these two conventions as core OSH conventions. Figure 2 showed that ratifying countries had lower occupational fatality rates in two of the four income category brackets for C155, and in all four brackets for C161. The combined proportion of 75.0% (6/8) is not higher than the overall proportion of 79.4%. However, the importance of conventions 155 and 161 cannot be overemphasized, because they stipulate the observation of basic yet important standards related to OSH 18) . A number of factors appear to play contributory roles in a country's decision to ratify an ILO convention. The findings of an ILO survey discussed in Report VI of the 2003 International Labour Conference 6) make reference to the following specific factors, quoted by a number of member states as being obstacles to the ratification of conventions: lack of infrastructure, detailed and technical nature of the standards, lack of political will, heavy reporting obligations, incompatibility with national legislation and a federal national structure. Another key problem related to the current status on ratification of ILO conventions is that OSH is not given a high priority on national and international agendas 17, 19) . Because it is perceived as a costly investment particularly in lower income countries, OSH is seldom prioritized and therefore political support for ratification of related ILO conventions remains weak 7) . However, preventing occupational diseases and accidents may actually help countries to alleviate poverty, as such diseases and injuries may consume up to 4% of a country's gross national product 20, 21) . Prevention is the cross-cutting theme of ILO conventions related to OSH. A country that chooses to ratify these ILO conventions is legally bound to observe the stipulated standards, which, in turn, should raise the levels of OSH practice and consequently reduce occupational diseases and accidents.
In conclusion, this study has shown that countries that have ratified OSH-related ILO conventions have lower occupational fatality rates than non-ratifying countries, although this relationship may not be directly causal. Without doubt, action or the implementation of good standards is the ultimate determinant of change. Ratification may therefore be considered the first step in this direction but respective governments and the ILO should be urged to also address known factors that hinder this important undertaking. We conclude that all countries should promote the ratification of these conventions in an attempt to improve OSH standards.
